The aim of this study was to investigate the relationship between visual evoked potentials (N1, P2, N2, P3 and Sw) and levels of neuroticism, psychoticism and depression. Based on previous research, longer EP-latencies were expected in more depressed subjects, and smaller EP-amplitudes in subjects with higher levels of neuroticism and psychoticism. The sample consisted of female psychology students (N=54), age 19-23, all right-handed. After measuring Eysenck's personality dimensions with EPQ/R, and depression with D-92, evoked potentials were measured in two trials by means of the EMG/EP device Medelec/TECA Sapphire II , 4E. Significantly lower P2-amplitudes, reflecting early stimuli processing, and lower N2-amplitudes, reflecting stimuli characteristic assignment, were found in subjects with higher neuroticism. The most stable relation, determined in both trials, was the one between P2-amplitude and neuroticism. Higher amplitudes of N2 and P3, representing attention allocation and memory updating, were significantly correlated with higher psychoticism. Finally, as expected, slow wave latency was significantly prolonged in more depressed subjects. Eysencks' personality theory and over-arousal hypothesis are used as theoretical frames for discussing the results and future research guidelines. The research findings significantly contribute to the understanding of biological determination within rarely explored personality traits, such as neuroticism, psychoticism and depression. However, since the research has some limitations, concrete guidelines for future electrophysiological studies in the field of human personality have been recommended.
INTRODUCTION
There is an almost universal agreement as to neuroticism being one of the most important human personality traits (Mathews, 2004) . A person with a high level of neuroticism is prone to anxiety, depression, and other negative emotions, along with concern, frequent and sudden changes of mood, and a vulnerability to stress. In contrast, a low degree of neuroticism is a characteristic of an emotionally stable person who is calm and unconcerned. This personality trait is associated with individual differences in excitability and emotional reactivity, as reflected in the autonomous activation (Eysenck & Eysenck, 1985) . It has been found that neuroticism is largely inherited, and Zuckerman's (1991) estimate of its heritability was 0.40-0.60. In this study, neuroticism and psychoticism are operationalized within Eysenck's personality theory (1967) , which linked neuroticism with the arousability of the emotional system, located in the reticular, limbic, and cortical structures. Therefore, in stressful conditions neuroticism should be positively correlated with autonomic and cortical arousal, but some empirical findings have not supported this hypothesis (Coles, Gale & Kline, 1971; Matthews & Gilliland, 1999 , 2001 . Although some authors (Winter, Broadhurst & Glass, 1972; Gale et al., 2001 ) found a certain trend towards a high cortical arousal in the EEG data in highly neurotic persons, a great number of well-designed studies failed to establish such a connection, due to the complex interaction effects of neuroticism, extraversion and situational factors. Furthermore, findings on correlations between neuroticism and evoked potentials are inconsistent. Some studies showed no correlation (Rust, 1975; Golding et al., 1986; De Pascalis & Montirosso 1988; De Pascalis, 1993; Lolas, Camposano & Etcheberrigaray 1989; Fjell et al., 2005 , while others found significant correlations between neuroticism and P3 latency (Plooy-out Görsel, 1981; Pritchard, 1989; Stelmack, Houlihan & McGarry-Roberts, 1993; Stelmack & Houlihan, 1995 , significant negative correlations of neuroticism with P3 amplitudes and positive correlations with P3 latency (Polich & Martin, 1992; Gurrera et al., 2001; Momirović, 2008 . All these studies used a complex task for inducing evoked potentials, and all of them were conducted in the auditory modality. The authors' explanation of their findings was that reduced EP amplitude, especially P3 amplitude, might not be specific for a mental disorder, but that it certainly indicated the vulnerability for psychological dysfunction. A number of clinical studies using evoked potentials found prolonged latency and reduced amplitudes, especially those in the cognitive domains, in a variety of psychological disorders (Polich, 1999) .
The individuals who achieve a high score on the psychoticism scale display high levels of loneliness, cruelty, callousness, and indifference to others, behave aggressively, even to members of their family, show an absence of fear, and love to make fun of others and harass them. They are characterized by stubbornness in thinking and behaviour, their socialization is very weak, and they have no empathy and understanding of others or feelings of guilt. During the validation of the P-subscale of EPQ (Eysenck & Eysenck, 1994 ) a significant correlation be-tween the degree of masculinity and psychoticism was found, indicating that the biological basis of psychoticism could be related to androgen hormones. The concept of psychoticism (Eysenck, 1997) could be described as a continuum ranging from an altruistic, socialized, empathic, conventional and conformist person to an impulsive, hostile, aggressive, psychopathic, schizoid person. A high degree of psychoticism indicates a greater likelihood for the development of psychotic symptoms. EP research of psychoticism could be divided into three main categories: a) EP studies of schizophrenia; b) EP studies of alcoholism and antisocial personality disorder; and c) EP research on healthy human personalities. Within the first category it was found that P3-amplitude was reduced in schizophrenia (Ford, Pfefferbaum & Roth, 1992; Turetsky, Colbath & Gur, 1998 . Findings suggest that the P3 amplitude represents a significant neurobiological marker for psychopathology (Ford et al., 1999) . In addition, several studies (Pfefferbaum et al., 1984; Blackwood, Erbmeier & Muir, 1994; Souza, Muir & Walker, 1995 found significantly prolonged P3 latency in schizophrenic patients. Some types of schizophrenia are attributed to dopaminergic hyperactivity in different parts of the limbic system, (Lloyd, 1978; Reynolds, 1983 , 1987 leading to an over-arousal hypothesis. On the other side, EP studies of antisocial personality disorder or alcohol dependency have used an under-arousal hypothesis. Low levels of arousal lead to involvement in activities that bring excitement (often involving crime, risk-taking, and violent behaviours) in order to raise the arousal to an optimal level. EP studies of antisocial behaviour and alcohol dependency found significantly lower EP amplitudes (Golding et al., 1986) , especially the P3 amplitude, supporting the under-arousal hypothesis (Porjesz & Begleiter, 1990; O'Connor et al., 1994; Polich, Pollock & Bloom, 1994; Bauer & Hesselbrock, 1999a ,b; Bauer et al., 2001 , whether it be of prisoners (Barrat et al., 1997) or adolescents with conduct disorders (Porjesz & Begleiter, 1998) . Finally, EP studies on healthy human personality showed a significant relationship between psychoticism and various EP components (Rust, 1975; Pritchard, 1989; Lolas et al., 1989; De Pascalis, 1993; Robinson, 2001 ). Stelmack and Houlihan (1995) found a significant negative correlation between psychoticism and P3 amplitude, while Polich and Martin (1992) found a significant positive correlation, but only in female participants. Golding et. al. (1986) found a significant negative correlation between psychoticism and early somatosensory evoked potentials (N21-P27). Momirović (2008) analysed the tendency for aggressive and impulsive reactions, psychotic symptoms of dissociation, psychotic regression, and low ego strength in relation to the P3 wave in samples of healthy (N=15) and clinical (N=21) subjects. He found a significant negative correlation between P3 amplitude and psychoticism, but no significant correlations between psychoticism and P3 latency, thus only partially supporting the assumption of reduced P3 amplitude and prolonged P3 latency as indicators of vulnerability for psychological dysfunction (Gurrera et al., 1991) .
Neurophysiological bases of depression were often studied by using the evoked potentials, specifically the P3-wave, resulting in inconsistent findings (Houston, Bauer & Hesselbrock, 2004) . Although the prolonged latency and re-duced amplitude were expected in more depressed individuals, some studies did not find a significant association between depression and EP-amplitude (Bange & Bathien, 1998; Bruder et al., 1991 , 1998; Giedke, Thier & Bolz, 1981; Patterson, Michalewski & Starr, 1988; Roth et al., 1981; Sara et al., 1994 , and some resulted in unambiguous findings regarding the relationship of depression and EP-latency (Bange & Bathien, 1998; Blackwood et al., 1987; Bruder et al., 1991; Diner, Holcomb & Dykman, 1985; Gangadhar et al., 1993; Giedke, Thier & Bolz, 1981; Gordon et al., 1986; Muir, St Clair & Blackwood, 1991; Vandoolaeghe et al., 1998 . However, the majority of studies confirmed the expected lower P3-amplitudes in more depressed subjects (Baribeau-Braun & Leserve, 1983; Pfefferbaum et al., 1984; Diner et al., 1985; Thier, Axmann & Giedke, 1986; Blackwood et al., 1987; Muir, St Clair & Blackwood, 1991; Gangadhar et al., 1993; Santosh et al.,1994; Bruder et al., 1995; Defrance et al., 1996; Yanai et al.,1997; Kaustio et al., 2002; Roschke & Wagner, 2003; Houston, Bauer & Hesselbrock, 2003; Urretavizcaya et al., 2003 . The possible explanation for the heterogeneity of P3 findings in relation to depression could be the heterogeneity of the samples and measurements.
Therefore, with the aim of a better understanding of the electrophysiology of various psychopathological difficulties, it is very important to investigate the biological background of related personality traits in normal, healthy subjects. Scientists have mostly studied traits operationalized within Eysenck's personality theory, such as neuroticism and psychoticism. Within the domain of emotions and moods, depression and anxiety have been mostly examined among healthy and clinical samples. Therefore, our research has focused on three personality variables: neuroticism, psychoticism and depression in healthy students, with the aim of exploring their relationship with visual evoked potentials. Based on theoretical assumptions and earlier findings we expected significantly longer EPlatencies in more depressive participants, and lower EP-amplitudes in those with higher levels of neuroticism and psychoticism.
METHODS Subjects
A total of 54 female participants (M=20.5 years, SD=1.28, age range:19-23), all undergraduate students from the Department of Psychology, Faculty of the Humanities and Social Sciences, the University of Rijeka, Croatia, participated in the study. They were all right-handed, naive to electrophysiological studies, and reported no visual or neurological/psychiatric problems. The students received course credits for their participation in the study.
Questionnaires for measuring neuroticism,
psychoticism and depression The Neuroticism subscale (24 items) and the Psychoticism subscale (32 items) of the Eysenck Personality Questionnaire (EPQ-R), i.e., its standardized (Eysenck & Eysenck, 1994) were used for measuring neuroticism and psychoticism. Students answered the questions dichotomously, i.e. by choosing between YES and NO. The level of a measured personality dimension was determined as the sum of the relevant answers on each EPQ-subscale. The levels of reliability were similar to those determined in previous studies: for Neuroticism, Cronbach's alpha was r=0.89, and for Psychoticism r=0.61.
The Depression Scale (D-92, Krizmanić & Kolesarić, 1994) was used for measuring depression, operationalized as a temporary, lasting or permanent condition, triggering a series of changes in the experience and expression of emotion, cognitive processes, meeting basic needs (sleep, diet, activity, sexuality) and behaviour. The scale consists of 22 items, intended for determining the global level of depression in individuals older than 16. For each item the subject has to choose one from four answers. The scale showed satisfactory internal consistency (Cronbach's alpha 0.88).
Apparatus and procedure
The EP-measurement (N1, P2, N2, P3 and Sw) in two trials took place after subjects had been given general instructions and had filled-out the personality scales. Considering the sensitivity of EP-measurement it is important that all recordings are done in the same conditions. Therefore, evoked potentials were measured for four months, always on Wednesdays at noon. Following the EPdevice manual instructions (Sapphire II User Manual 003W009A, 1996), standard visual oddball paradigm and the device Medelec/TECA Sapphire II 4E device with five Ag/AgCl disc electrodes were used. Two occipital (O1 and O2) and two parietal (P3 and P4) electrodes were used as active and referred to Fz. The electrodes were placed according to the 10-20 system. The filter bandpass was 0.1-50 Hz and the electrode impedance was kept below 5kΩ. The recording was made in a dark, quiet room using a 16 x16 checkerboard pattern, 70 cm away from the nasion, with a 1Hz frequency and 100% contrast. Two visual stimuli patterns were used: 15% of stimuli were rare (target) checkerboards (consisting of the smaller quadrangles), whereas the remaining ones were frequent (non-target) checkerboards (consisting of the larger quadrangles), presented in a random order. Subjects were instructed to look at the red circle in the centre of the monitor and to react to the target stimuli by pressing the pen, since there was no possibility of measuring the reaction time.
The same medical technician marked all the EP amplitudes and latencies manually using a cursor, for both trials. For each subject there was the same EP-latency (as measured only in one trial) for both trials, but different EP-amplitudes, due to the marking procedure. In the first trial, the first major negative peak between 80-100 msec for the rare stimuli was identified as the N1 response and was marked. Other evoked potentials were marked accordingly: P2 as major positive peak between 170-200 msec; N2 as a major negative peak between 200-300 msec; P3 as a major positive peak between 300-600 msec; and SW as a major negative peak between 600-800 msec. To avoid the effect of the latency
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jitter (Coles et al., 1986; Hoormann et al.,1998 , and to make the evoked potentials more stable over trials, in the second trial they were marked by the same latencies as those from the first trial. An example of the averaged and artefactcorrected ERP curves for one participant in the first and the second trial block is presented in Tatalović Vorkapić, Tadinac & Lučev (2013) .
RESULTS AND DISCUSSION
The mean results on the neuroticism (M=9.2; SD=5.62) and psychoticism (M=8.44; SD=9.3) scales were very similar to the norms for the relevant age groups (Eysenck & Eysenck, 1994) . The comparison of the means on the depression scale with those obtained in the validation study (Krizmanić & Kolesarić, 1994) showed that our participants' scores (M=40.09, SD=7.52) were somewhat lower than those in the validation sample (M=44.16). Overall, it can be concluded that the results are expected for the sample of healthy students that participated in the research.
The relationship between EP-latencies and personality measures
The correlation analysis of relation between neuroticism, psychoticism and depression with EP latencies and amplitudes on all four electrodes (O1, O2, P3 and P4) in the first, and the EP amplitude in the second trail, was performed. No significant correlations were found between personality traits and latencies on the occipital electrodes. The correlations of neuroticism, psychoticism, and depression with EP latencies on parietal electrodes are shown in Table 1 .
No significant correlations were found between the EP-latency and neuroticism, therein confirming some previous findings (Rust, 1975; Golding et al., 1986; de Pascalis et al., 1988 , de Pascalis, 1993; Lolas et al., 1989; Fjell et al., 2005 , although in other studies a certain trend toward elevated cortical arousal in the EEG data in a highly neurotic person (Winter et al., 1972 , Gale et al., 2001 , and a negative correlation between neuroticism and P3-latency (Plooy-out Görsel, 1981; Pritchard, 1989; Stelmack, Houlihan & McGarry-Roberts, 1993; Stelmack Tatalović Vorkapić et al. Evoked Potentials and Neuroticism, Psychoticism, and Depression & Houlihan, 1995) were found. These findings are close both to the theoretical models and hypothesis of this research, given the increased reactivity due to anticipation in a highly neurotic person as opposed to a low neurotic. It should be noted that the variability of neuroticism in our sample was quite small, as could be expected in a sample of healthy and young subjects. Therefore, the correlation of neuroticism and EP-latency should be examined in a larger and more heterogeneous sample. Our findings support the arguments concerning the methodology of exploring neuroticism, as emphasized by Zuckerman (1991) and Matthews (1999) . Since neuroticism is a personality trait associated with individual differences in excitability and emotional reactivity, as reflected in the autonomous nervous activation (Eysenck & Eysenck, 1985) , the researchers have recommended that a large number of psychophysiological paradigms on various levels should be used.
Apparently, the bottom-up model could be considered too simplistic and inadequate for explaining the biological basis of neuroticism. Taking into account Zuckerman's (1991) assumptions about the several sources of neurotic emotionality (biochemical effects, subcortical structures such as the amygdala, cortical emotional-control systems such as the orbitofrontal cortex, and different higher order cognitive processes) and the relationship with these sources being not linear and singular, a single method, such as EP, is definitely not enough. The combination of EP and some autonomous psychophysiological measures could contribute to a better understanding of neuroticism.
A small but significant correlation was determined at one parietal electrode between higher psychoticism and shorter P3-latency, similarly to other EP-studies (Golding et al., 1986; Pritchard, 1989 . There are currently no viable explanations of these findings. An attempt to explain them could be through the argument of a common correlate. High levels of intelligence are often correlated with shorter EP-latencies, especially P3-latency. It is possible that participants with a shorter P3-latency and higher psychoticism, who quickly focus attention and quickly evaluate the target stimuli, have higher levels of intelligence. It is possible that some characteristics of psychoticism that are not part of the pathology in certain combinations could contribute to the cognitive efficiency of the individual, It would therefore be very interesting to further examine the electrophysiological bases of psychoticism in a more heterogeneous sample, comprising participants with different levels of intelligence.
Significant correlations were found between depression and EP-latency: higher depression was related to prolonged slow wave latencies measured at parietal electrodes. This is an expected finding, considering the presumed vulnerability to a psychological dysfunction reflected in prolonged latency (Bruder et al., 1995; Hansenne et al., 2000 and reduced amplitude (Diner et al., 1985; Gangadhar et al., 1993 , Muir et al., 1991; Bruder et al., 1995 among more depressive individuals. Psychomotor and cognitive deceleration are the main properties of increased depression in humans, and they are reflected in prolonged EP-latencies. Our finding supports previous results (Austin et al., 2001; Ottowitz et al., 2002 .
We found the significant correlations only between slow wave latency and depression, although they were also expected for other EP-latencies. This is probably due to the fact that the depression levels in our healthy sample were very low compared to the clinical samples used in other studies, and this should be taken into account in future studies.
The relationship between EP-amplitudes and personality measures
To examine the relations between personality measures and EP-amplitudes on four electrodes, the correlation analysis was performed. As no significant correlations were found between personality traits and amplitudes on the occipital electrodes, only the correlations for the parietal electrodes are shown in Table  2 . A significant negative correlation was established between neuroticism and the P2-N2-amplitude on both parietal electrodes in both trials. On the other hand, the significant correlation of neuroticism with a cognitive evoked potential P300 on one parietal electrode was positive, indicating that higher neuroticism is related to the increase in the P3-amplitude. This finding certainly indicates a different relationship between neuroticism and the automatic vs. controlled information processing: a lower cortical arousal during early information processing, and a higher one during voluntary, deeper cognitive information processing. This finding is quite interesting and could be explained by the difficulty level of the task used. Studies which have used more complex tasks for evoking evoked potentials (Polich & Martin, 1992; Gurrera et al., 2001; Momirović, 2008 have resulted in significantly reduced P3 amplitudes among highly neurotic persons, while a very simple discrimination task in this study could have evoked a significantly lower cortical arousal in participants with a higher neuroticism. This notion should be investigated in future studies using the experimental variation of task difficulty levels. Another possible explanation of this finding could be the potentially large range of reactions in highly neurotic individuals on different levels of information processing measured by the EP-method. In other words, the increased P3-amplitude in college students with higher neuroticism could support the hypothesis of higher cortical arousal in highly neurotic individuals (Eysenck, 1967) . Highly neurotic people could be characterized by inadequate access and response to a specific task, in line with the definition of neuroticism as associated with individual differences in excitability and emotional reactivity (Eysenck, 1967) . This assumption would be very interesting to investigate by exploring the relationship of EPs and neuroticism by varying the difficulty/modality/trials of the tasks for evoking EPs, and with a larger sample of participants, heterogeneous in gender, age, occupations, as well as through varying levels of neuroticism and stress situations, and using the additional psychophysical measures of ANS activity.
Higher levels of psychoticism were significantly related to higher P3-amplitudes on both parietal electrodes in the second trial, and with the higher N2-amplitude from the second trial on the P4 electrode only. In other words, students with elevated levels of psychoticism showed a significantly increased P3-amplitude reflecting the initial evaluation of stimuli and changes in immediate memory, Tatalović Vorkapić et al. Evoked Potentials and Neuroticism, Psychoticism, and Depression and an increased N2-amplitude reflecting the automatic extraction properties of the stimuli and control of the determination of the target stimuli properties. Our results are the opposite to earlier findings on the reduction in EP-amplitudes, especially the P3-amplitude, in schizophrenics and subjects with antisocial personality disorder, criminal behaviour and tendencies toward alcoholism, which is not surprising considering the differences in the sample characteristics -clinical and normal. Polich & Martin (1992) obtained results similar to ours only in female participants, but offer no interpretation of those results. Given that the dimension of psychoticism in the normal population is primarily characterized as stubbornness and persistence, indicating the increased cognitive engagement related to their own thinking and actions towards their environment, it would be logical to expect an elevation in the EP-amplitude.
A significant negative correlation was determined between depression and N2-amplitude in the second trial on both parietal electrodes, according to expectations based on earlier findings (Diner et al., 1985; Gangadhar et al., 1993; Muir et al., 1991; Bruder et al., 1995 , although there was no significant relationship between depression and the P3-amplitude. More depressed subjects demonstrated reduced levels of N2-amplitude, which partly reflects the automatic extraction of stimuli properties, and partly determining the properties and selecting a target. This particular EP-component has a transitional character as its first part refers to automatic, and the other part to controlled information processing, and this EP-component is sensitive to changes in the depression level in healthy participant. Houston et al. (2004) emphasized that there were many inconsistent findings regarding the relationship of depression and evoked potentials, which are often just ascribed to the characteristics of the tested sample. It could therefore be concluded that the hypothesis of a reduced EP amplitude in subjects with Table 2 . Correlation matrix of neuroticism, psychoticism and depression with amplitudes of N1, P2, N2 and P3 on parietal electrodes (P3& P4) in the first (Amp1) and the second trial (Amp2) higher depression is partly confirmed. However, it is necessary to examine the level of depression and its relation with EPs in healthy and clinical samples of different ages and genders, and with varying task difficulty.
CONCLUSION
Electrophysiological studies of personality, either on normal or clinical subjects, present a valuable way to explore the biological basis of human personality. Although this study resulted in some novel findings, it is important to mention its main limitations. Firstly, EP-measurement included only four electrodes and manual EP-marking. These two technical limitations should be taken into account in future research, since a greater level of reliability and validity could be reached with recordings on a larger number of electrodes, and automatic or software EPmarking. Regarding the sample properties, it should be emphasized that our sample was very specific (psychology students) and homogenous, resulting in a low variability of measured traits (equal by their psychological characteristics). Additionally, a very simple oddball task was applied. Therefore, in future studies it would be very important to use more heterogonous and larger samples, more complex tasks for evoking the EPs, and more adequate electrophysiological apparatus for EP-measurement.
